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Abstract
Objectives This study assessed students’ awareness of
radiation exposures and determined the impact a curriculum
in clinical radiology (CICR) had on awareness.
Methods Six hundred seventy medical students at one
medical school were studied. CICR was delivered in yearly
modules over the 5-year programme. Five hundred twenty-
three students (years 1–5), exposed to increasing numbers of
CICR modules and 147 students beginning medical school
(year 0), represented the study and control groups, respec-
tively. Students completed a multiple choice questionnaire
assessing radiation knowledge and radiology teaching.
Results Most students in the study population received
CICR but 87% considered they had not received radiation
protection instruction. The percentage of correctly answered
questions was significantly higher in the study population
than the control group (59.7% versus 38%, p<0.001).
Students who received CICR achieved higher scores than
those who did not (61.3% compared with 42.8%, p<0.001).
Increasing exposure to CICR with each year of medical
education was associated with improved performance.
Conclusions Assessment of students’ awareness of radiation
exposures in diagnostic imaging demonstrates improved
performance with increasing years in medical school and/or
increasing exposure to CICR. Findings support the Euroa-
tom 97 directive position, advocating implementation of
radiation protection instruction into the undergraduate
medical curriculum.
Keywords Medical students . Radiation protection .
Medical education
Introduction
In recent years, studies have documented increasing patient
radiation exposures, which can be attributed to increased
utilisation of diagnostic imaging studies, particularly computed
tomography (CT). For example, a retrospective study of
radiation doses in a cohort of patients with Crohn’s disease
conducted over a 15-year period demonstrated that increasing
numbers of CT exams were performed with average cumula-
tive effective doses rising from 7.9 to 25 mSv when the first
5 years of the study period were compared with the final
5 years [1]. Eighty-five percent of the radiation dose during the
final 5-year period was attributable to CT. Almost 16% of
patients received cumulative effective doses greater than
75 mSv, and such levels of radiation exposure have been
reported to be associated with a 7.3% increase in mortality
from cancer [2]. In a separate study, CT has been shown to
account for merely 6% of diagnostic procedures, yet
represented 47% of the entire radiation dose received by
patients [3]. Furthermore, the number of referrals for paediatric
CT studies has increased exponentially, raising substantial
concerns regarding cancer risk in this highly radiosensitive
population [4]. Not surprisingly, concerns are growing over
the risks associated with these high levels of exposure,
particularly the potential increased lifetime risk of cancer [5].
This issue has been addressed by the European Council
Eurotom directive of 1997, which made a number of
recommendations. Among the recommendations were that
radiation protection should be integrated into the curricu-
lum of medical schools [6]. Concerns about radiation
exposure have also precipitated the formation of Image
Gently, a campaign in the US aimed at increasing public
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awareness of radiation exposure in children [7, 8]. Accord-
ingly, it is imperative that medical professionals are aware
of the radiation exposures associated with diagnostic
imaging investigations including CT.
Over the past decade many studies have investigated
physicians from varying specialties and backgrounds on their
knowledge of radiation dose and associated risks, and most
studies have demonstrating disappointing results [9–11]. Most
physicians significantly underestimated doses associated
with various imaging modalities. Although studies of
medical students’ knowledge of radiology have been con-
ducted and reported, the specific area of awareness among
medical students of relative radiation doses associated with
different diagnostic imaging investigations and assumed
cancer risk has yet to be thoroughly investigated [12, 13].
This study aimed to assess students’ awareness of
relative radiation exposures associated with common
diagnostic imaging procedures and to determine the impact
of a curriculum in clinical radiology (CICR) in the
undergraduate medical programme on such awareness.
Materials and methods
Following institutional review board approval, a multiple
choice questionnaire was distributed to the study population
comprising 1st to 5th year medical students (n=523) at the
completion of the academic year (April 2008), and to a control
group, Year 0 [1st year medical students (n=147) on their first
week at medical school (September 2008)] during orientation
and prior to receiving CICR (Appendix). Year 0, comprised
two different groups: students admitted directly from high
school who had yet to receive any teaching in radiology or
radiation protection in a post-graduate setting and who
would go on to complete a 5-year undergraduate medical
programme, and Graduate Entry Medical (GEM) students
(students who had completed a university degree and had
achieved at least 2nd honours grade). This was the first year
of the GEM programme at our medical school. The
anonymous questionnaire followed a multiple choice format
divided into two sections: section 1 included student
demographics and a self-assessment of knowledge of
radiology compared with other medical subjects, as well as
previous exposure to instruction and lectures/teaching in
radiology. The second section (section 2) assessed awareness
and general knowledge of radiation exposures associated
with diagnostic imaging studies [14, 15]. Correct answers
were awarded one mark, whereas an incorrect answer or
omission received a mark of 0. Results were stratified
according to gender difference, previous exposure to
instruction or lectures/teaching in diagnostic radiology,
teaching in radiation protection and perceived knowledge
of radiology.
Statistical analyses were performed using SPSS version
15.0 (2006, Chicago, IL). Histograms and the Shapiro-Wilk
tests of normality were used to assess normal distribution of
means. Chi-square tests of independence were used to
analyse individual questions. Data were initially analysed
using Student’s t-tests, followed by Mann-Whitney U tests
and Kruskall-Wallis tests. Statistical significance was
defined at a p-value of less than 0.05.
Results
The target population (Years 1–5 April 2008 and Year 0
September 2008) included 744 medical students. Of this
group, 670 medical students completed the questionnaire
(Appendix), giving a response rate of 90%. Four hundred
and two students were female and 268 were male, resulting
in a 60%:40% female:male ratio. Eighty-two percent of the
study population compared with 4.1% of controls had been
exposed to lectures or teaching in diagnostic radiology prior
to completing the questionnaire. Despite this, 87% of the
study population and 89% of controls considered that they
had never been exposed to lectures or teaching focussed on
radiation protection.
The study population performed much better than the
control group with mean scores of 60% and 38%, respectively
(p<0.001). Mean scores improved with the number of years
completed successfully in medical school with each succes-
sive class outperforming the year below (e.g. Year 4 did better
than Year 3, p<0.001) (Table 1). The greatest difference in
mean scores was between 4th and 5th years (65% versus
81% respectively, p<0.001). In addition, it was observed that
students who received teaching in diagnostic radiology and
radiation protection performed better than their counterparts
who did not (p<0.001) (Table 2). Graduate entry medical
students tended to be more knowledgeable than their
undergraduate colleagues (Tables 1 and 3).
Almost 50% of the control group thought the radiation
dose of a chest radiograph was greater than 1 week of
natural background radiation and 40% chose didn’t know as
the answer. Of the study population, 57% overestimated the
amount of radiation in a chest radiograph, with 17.5%
choosing the option that the radiation exposure would be
equivalent to a dose greater than 1 year of background
radiation. Thirty-seven percent of students in the study
population correctly answered that an abdominal radio-
graph involved higher radiation exposure than a chest
radiograph compared with only 16% of controls (p<0.001).
Students in the study group had a moderate understand-
ing of issues surrounding radiation dose associated with
CT. Sixty-seven percent of the study population and only
39% of controls knew that CT involved the use of x-rays
(Table 3). Almost 60% of 5th year students knew that an
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abdominal CT was equivalent to 300–1,000 chest radio-
graphs, substantially higher than the average of 20%
among the study group as a whole. Students who
received teaching in radiology chose the correct option
significantly more often than those who had not (26.5%
compared with 6.6%, respectively, p<0.001). Almost
one-third of the study population answered correctly that
CT accounted for the majority of the medical radiation
exposure received by the population compared with only
8% of the control group (p<0.001).
The assessment of students’ knowledge of principles of
MRI and ultrasound yielded disappointing results with
3.6% of the study population and 8.2% of the controls
answering that ultrasonography exposed patients to ionising
radiation (Table 3). Similarly, 14% of the study population
and 30% of the control group answered that MRI used x-
rays (Table 3). It was somewhat re-assuring that only 2% of
the most experienced students (year 5) answered that MRI
involved the use of x-rays; however, 27% of 4th years
(penultimate year in medical school) thought MRI resulted
in the highest radiation exposure when asked to choose
between plain film radiography of the abdomen, ultrasound,
conventional radiography and MRI. Consequently, students
who did not recognise that a plain radiograph of the
abdomen was associated with the greatest radiation dose
among the four options were significantly less likely to
know that MRI is not currently believed to be associated
with increased cancer risk (p<0.001) (Fig. 1). There was a
difference between female and male medical students
regarding perception of MRI and ionising radiation with
significantly more females than males thinking that MRI
used x-rays (20% compared with 11%, p=0.009).
Regarding cancer risks, 70% of the study population
were aware that CT potentially increased the lifetime cancer
risk compared with only 34% of controls (p<0.001) (Fig. 1
and Table 4). Just over 80% of the study group, compared
with 61% of controls, correctly answered that children were
more sensitive to the effects of ionising radiation than
adolescents, adults or the elderly. Ninety-six percent of 5th
years responded correctly. Fifty-one percent of the study
group and 42% of controls answered correctly that the
kidney was less sensitive to radiation than the thyroid,
breast or gonads (p=0.057). The relatively high radiosen-
sitivity of breast tissue was not appreciated by 26% and
29% of students in years 4 and 5, respectively.
In general, students did not appear to understand the
mechanism of image generation in MRI, with 23% of the
study population thinking that MRI increased lifetime risk
of cancer compared with 31.8% of controls (p<0.001)
(Fig. 1). Of the study population, 76% correctly answered
that there was no increased risk of cancer associated with
ultrasound, but only 52% of the control group thought so
(p<0.001). No students in year 5 thought ultrasound
increased the risk of cancer. Students in both groups who
had received teaching/instruction in diagnostic radiology
were less likely to associate ultrasound and MRI with an
increased cancer risk compared with those who had not
received teaching (p<0.001) (Table 5).
Factors affecting mean scores of students Mean scores in % P-value
Teaching in diagnostic radiology Yes 61.3 <0.001
No 42.8
Education in radiation protection Yes 66 <0.001
No 53.3
Self-rated knowledge of radiology Excellent/good 76 <0.001
Average/poor/none 52.4
Self-rated knowledge of medical physics Excellent/good 63.2 0.004
Average/poor/none 54.2
Gender Male 56.4 0.218*
Female 54.2
Table 2 Factors influencing
students’ overall scores.
*The difference was significant
in years 1 and 3
Year n Mean score Mean scores in % Standard deviation
0 111 6.89 36.2 3.415
0 (Postgraduates) 36 8.25 43.4 3.492
1 112 8.36 44 3.310
2 88 9.76 51.4 3.775
3 113 11.03 58.1 3.804
4 110 12.34 64.95 3.048
5 100 15.36 80.84 2.038
Total 670
Table 1 Mean scores for each
year (from a total of 19 ques-
tions). Mean scores increased
when each year was compared
with the one below. Fifth year
students achieved a mean score
of 81%. Students who entered
medical school as postgraduates
had higher scores compared
with undergraduate students.
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Discussion
The European Council issued the Eurotom directive issued
in 1997 in an effort to address radiation protection
awareness [6]. This directive states that radiation exposure
for medical purposes should yield a net benefit to the
patient and society. The use of alternative imaging
techniques using less radiation or avoiding radiation
altogether should be considered when clinical decisions
are being made. Medical students represent future medical
practitioners, and according to the directive unless they are
taught which imaging methods use radiation and the
approximate quantity of radiation involved they will be
unable to make appropriate informed clinical decisions.
This study demonstrates many important shortcomings in
medical students’ knowledge regarding important aspects
of radiation protection that should be considered when
developing the undergraduate medical curriculum to meet
challenges of the future.
Student’s on entry to medical school (year 0) were used as
controls as they had yet to receive any teaching in radiology or
radiation protection in a post-graduate setting. Graduate entry
medical students (year 0) tended to be more knowledgeable
than their undergraduate colleagues, probably due to their
previous undergraduate studies, age and life experience, but this
difference was not statistically significant. Although all students
(years 1–5) were exposed to a 5-year undergraduate integrated
curriculum that included instruction in clinical radiology, their
understanding and knowledge of the basic concepts central to
radiation protection left much room for improvement. This may
be partially explained by the lack of a dedicated radiation
protection module in the 5-year CICR syllabus.
In spite of the absence of a formal radiation protection
module, it was reassuring to note that students’ knowledge of
radiation protection issues improved year on year, with those
in the study population (years 1–5) performing significantly
better than students in the control group (year 0). In addition,
students who received radiology teaching (87%) performed
Table 3 Percentage of students in each year associating ionising radiation with various modalities. The figures in parentheses represent the
student numbers. Students were most knowledgeable about plain film radiography. Imaging studies encountered less frequently by students such
as mammography and barium studies were less well understood.
Imaging study Year 0 Year 0 (postgrad) Year 1 Year 2 Year 3 Year 4 Year 5
Chest radiograph 91 (101) 100 (100) 91.1 (111) 98.9 (86) 99.1 (112) 99.1 (109) 99 (99)
CT 41.4 (46) 33.3 (12) 50 (56) 56.3 (49) 62.8 (71) 82.7 (91) 87 (87)
MRI 29.7 (33) 11.1 (4) 24.1 (27) 16.1 (14) 10.6 (12) 16.4 (18) 2 (2)
Ultrasound 9 (10) 5.6 (2) 4.5 (5) 3.4 (3) 5.3 (6) 3.6 (4) 1 (1)
Mammography 36.9 (41) 55.6 (20) 44.6 (50) 54 (48) 77 (87) 74.5 (82) 82 (82)
Barium Studies 36 (40) 38.9 (14) 46.4 (52) 71.3 (63) 71.7 (81) 82.7 (91) 88 (88)
Angiography 25.2 (28) 22.2 (8) 44.6 (50) 62.1 (54) 69 (78) 80.9 (89) 81 (81)
Fig. 1 Student knowledge of
the association between certain
imaging modalities and an in-
creased cancer risk. As observed
previously, the more senior the
student, the more likely he/she
was to be correct. For example,
5th years were more likely to
know that ultrasound and MRI
were not associated with an
increase in cancer risk compared
with 4th years. A greater num-
ber of 5th year students also
knew that CT was associated
with an increased risk of cancer
compared with 4th years.
erce ta e of students in each year assoc ating onising
radiatio with vario s modaliti s. The figures in par ntheses represent
the student numbers. Students wer most knowledgeable about plain
film radiography. Imaging studies encountered less fr qu ntly by
students such as mammography an barium studies were les well
understood.
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significantly better those who had not. Undoubtedly, this was
due to the many references to radiation protection issues in the
CICR and “learning by osmosis” effect. The most significant
improvement in performance was apparent between years 4
and 5. The superior performance of 5th year students
undoubtedly reflected the contribution of the intensive clinical
radiology teaching delivered to final-year medical students by
clinical radiologists in preparation for their final exams. This
teaching involved small group tutorials, case review sessions
and formal lectures. Each student at our university is
examined in interpretation of diagnostic imaging studies as
part of the clinical component of the final medical examina-
tion. This likely positively impacts students’ attendance for
radiology teaching and the amount of time dedicated to
radiology prior to final medical examination.
The fact that only two-thirds of the study population knew
that CT used ionising radiation reflects an important gap in
students’ knowledge. The number of students that correctly
quantified the approximate radiation dose of a CT was
disappointing, with only 60% of 5th years knowing the correct
answer. In designing the questionnaire, we chose not to
interrogate students regarding the dose of diagnostic imaging
studies in millisieverts. Instead, we focussed on radiation
exposures relative to that of a postero-anterior chest radio-
graph, i.e. the dose of an abdominal CTwas expressed in terms
of an equivalent number of chest radiographs. In our opinion,
quantifying CT doses in terms of an equivalent number of
chest radiographs is a tangible method of quantifying the high
radiation doses involved in CT imaging, and knowing relative
values should be a prerequisite for medical students and
referring physicians alike. The most poorly answered question
concerned the radiation dose imparted by a chest radiograph.
Less than 10% of students in both groups chose the correct
answer (less than 1 week). It is hoped that greater awareness of
these relative doses by the introduction of dedicated instruction
in radiation protection may help minimise in the increasing
number of unwarranted CT referrals in favour of lower dose
modalities or imaging modalities such as ultrasound and MRI.
Much of the evidence regarding CTand cancer risk has been
extrapolated from the nuclear fallout following the bombing of
Hiroshima and Nagaski during World War II, and from long-
term low-dose exposure to ionising radiation among nuclear
radiation workers [2, 16]. A lifetime cancer risk of 1 in 2,000
following one abdominal CT has generally been accepted for
an adult [17]. This figure rises to 1 in 550 for children, due to
their younger age and greater increased time for neoplasia to
manifest itself [3]. It is reassuring that 70% of medical students
in the study population were aware of the potential association
between CTand an increased lifetime risk of cancer. In contrast,
a recent study showed that 9% of emergency doctors and 47%
of radiologists surveyed believed CT increased cancer risk [18].
Similar findings in a study published from Northern Ireland
revealed that only 19% of doctors were aware of the association
between medical radiation and increased cancer risk [19].
A disproportionate number of students in the study
population incorrectly believed that MRI used ionising
radiation. Furthermore, a quarter of students in the study
population associated MRI with an increased risk of cancer.
For the two questions above regarding MRI, females
performed worse than males. The discrepancy in performance
between males and females in correctly answering the
questions regarding MRI was most notable among the control
group. Interestingly, a recent study that investigated physi-
cians’ knowledge found similar differences between males
and females with 39% of female and 19% of male doctors
incorrectly responding that MRI used ionising radiation [20].
This is contrary to what one would expect given that MRI and
ultrasound are preferentially performed during pregnancy in
order to limit radiation exposure to the foetus [21].
This study demonstrated an incremental increase in
students’ knowledge of radiation protection with each year
Table 4 Factors that influenced students’ knowledge of the cancer risks
associated with CT. Teaching in radiology, radiation protection and
knowledge were all associated with improved levels of knowledge.
Factors affecting perception % associating CT
with cancer risk
P-value
Teaching in radiology Yes 73.4 <0.001
No 44.5
Education in radiation
protection
Yes 74 0.031
No 62
Knowledge of radiology Excellent 86 <0.001
None 27.2
Knowledge of medical
physics
Excellent 95 0.007
None 51
Gender Male 66.2 0.266
Female 56.4
Table 5 Factors affecting stu-
dents’ understanding of MRI
and its safety. Teaching in radi-
ology, radiation protection and
knowledge of radiology and
physics were all associated with
better levels of knowledge.
Factors affecting perception % associating
MRI with
cancer risk
P-value
Teaching in radiology Yes 22.7 <0.001
No 26.5
Education in radiation
protection
Yes 16.6 0.031
No 26.3
Knowledge of radiology Excellent 7.5 <0.001
None 31.2
Knowledge of medical
physics
Excellent 19.6 0.007
None 25.1
Gender Male 21.8 0.277*
Female 29
*The difference was significant in years 0, 1 and 3
l t ff ti students’ understanding of MRI and its
safety. Teaching in radi logy, radiation protection nd knowl ge of
radiology and physics were all associated with better levels of
knowledge.
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of medical teaching. Knowledge levels were highest among
5th year students, just prior to graduation and taking up
positions as hospital interns. An important component of
interns daily workload would be the ordering and organi-
sation of diagnostic imaging studies under the supervision
of senior attending physicians [22]. This highlights the
importance of radiation protection instruction to medical
undergraduates. While the majority of students were
exposed to instruction in clinical radiology, over 80% of
medical students considered that they had no teaching in
radiation protection, and this deficiency in the curriculum
was associated with poorer performance in the question-
naire. Exposure to formal teaching in clinical radiology,
however, was associated with better performance in the
questionnaire. Although only one university medical school
was examined, the results of this study are still instructive
to radiology educators. This study helps demonstrate that
students acquire knowledge about radiation protection
through teaching of clinical radiology. However, we now
believe that some dedicated instruction in radiation protec-
tion, in the form of a focussed module, is required to ensure
that the objectives of the Eurotom 97 directive are achieved
and the clinicians of tomorrow are informed to the best of
their ability, appropriate to their level of responsibility.
The average student in this study scored reasonably well,
which contrasts with previous studies, which have found many
deficiencies in practicing physicians’ knowledge [6–8, 19].
This was probably because different standards of knowledge
were required of doctors, and the questions asked of them were
presented differently. The current study was designed with
undergraduate students in mind, using closed ended questions.
Previous studies have examined medical practitioners using
open-ended questions requiring quantification of cancer risks
and exact radiation doses ofmultiple imaging studies. Although
it would be unfair to expect medical students to quantify exact
doses, it is not unreasonable to expect them to know the forms
of imaging that use radiation and the hierarchy of radiation
exposure. Overall, the disappointing findings regarding student
knowledge of many of the basic principles of radiation
protection were interpreted as being due to a lack of formal
focussed teaching/instruction in radiation protection.
In conclusion, this study demonstrates improved perfor-
mance at multiple choice questionnaire designed to assess
students’ awareness of radiation exposures associated with
diagnostic imaging investigations with increasing years
spent in medical school and/or increasing exposure to
instruction in clinical radiology. The findings likely support
the Eurotom 97 directive stating that medical schools
should implement radiation protection instruction as part
of the undergraduate medical curriculum.
Appendix
Multiple choice questionnaire completed by each student.
Students were asked about their background and education
in radiology and radiation protection. Students’ radiation
knowledge was subsequently assessed.
Multiple Choice Questionnaire 
 
 
 
 
 
 
 
 
 
 
Background 
1. How does your knowledge of radiology compare with other subjects?  Excellent__ good__ average__ poor__ no knowledge__ 
2. How would you rate your knowledge of medical physics? Excellent__ good__ average__ poor__ no knowledge__    If you have formal training outside 
current undergraduate medical course please    specify_____ 
3. Have you had tutorials/lectures in diagnostic radiology?  
a)Part of anatomy lectures/practicals? Yes / No b)Part of clinical skills course/integrated case studies? Yes / No 
c)Fourth medical year introduction lectures?  Yes / No d)Final medical year lectures/ tutorials? Yes / No              
4. Have you had education in radiation protection? Yes / No, clarify how ____________              
Radiation Knowledge 
5. Which of the following modalities do you think use x-rays?  Yes / No / Don’t know for each option 
a) MRI b) Chest x-ray c) US d) CT e) Conventional fluoroscopy (barium studies) f) Mammography g) Angiography h) All of the above 
6. In a chest x-ray, the radiation dose is the same as natural background radiation received in:  
a) Less than 1 week b) 1 month c) 6 months d) 1 year e) Greater than one year f) Don’t know 
7. In ultrasound of abdomen, the radiation dose is approximately the same as how many chest x-rays?  
a) 0 b) 20-50 c) 80-150 d) 300-1000 e) 10,000-20,000 f) Don’t know 
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8. In CT of abdomen, the radiation dose is approximately the same as how many chest x-rays? 
a) 0 b) 20-50 c) 80-150 d) 300-1000 e) 10,000-20,000 f) Don’t know 
9. In MRI of abdomen, the radiation dose is approximately the same as how many chest x-rays? 
a) 0 b) 20-50 c) 80-150 d) 300-1000 e) 10,000-20,000 f) Don’t know 
10. Which of the following involves the highest radiation exposure for the patient?  
a) Ultrasound of abdomen b) Plain film of abdomen c) MRI of spine d) Chest x-ray e) Don’t know 
11. Please circle which one of the following is most sensitive to radiation: 
a) Children b) Adolescents c) Adults d) Elderly e) Don’t know 
12. Please circle which organ is least sensitive to radiation: 
a) Thyroid b) Breast tissue c) Gonads d) Kidney e) Don’t know 
13. Medical imaging accounts for approximately 15% of the radiation dose received by the population. Which of the following modalities is 
responsible for most of this radiation dose? 
a)  Ultrasound b) Chest x-ray c) CT d) MRI e) Lumbar spine x-ray f) Don’t know 
14. Do you think any of the following increase the lifetime risk of developing cancer? 
(Score each option using the following: 1=definitely yes, 2=probably yes, 3= probably no, 4=definitely no, 5=don’t know)   a) MRI b) Chest x-ray c) 
Ultrasound d) CT 
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